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Description 
Axial magnetic bearing Apparatus 
Technical Field 

The present invention relates to axial magnetic bearing 
apparatus as follows. That is, in the axial magnetic bearing 
apparatus, a rotary disc made of a magnetic material is fixedly 
attached to a rotating shaft of rotating apparatus such as an 
electric generator, an electric motor, or the like. 
Electromagnetic stators each having an electromagnetic coil 
for generating magnetomotive force are fixed to casings 
respectively so as to be located with very small distances from 
the rotary disc. A displacement sensor for measuring axial 
displacement of the rotating shaft is provided. Magnetic 
attraction force is made to act between the rotary disc and 
the electromagnetic stators in accordance with an output signal 
from the displacement sensor, so as to bear the rotating shaft 
at a target position distant from the electromagnetic stators 
and in non-contact therewith. 
Background Art 

Fig . 8 shows a background-art general example of so-called 
axial magnetic bearing apparatus for bearing a rotating shaft 
of rotating apparatus such as an electric generator, an electric 
motor, or the like, in a thrust direction by use of magnetism. 
In the drawing, the reference numeral 1 represents a rotating 
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shaft, to which a rotary disc 2 made of a magnetic material 
is fixedly attached. The rotary disc 2 usually has sleeves 
6 formed on opposite sides of the rotary disc 2 so as to make 
the fixation of the rotary disc 2 to the rotating shaft 1 firm. 
The reference numeral 10 represents each of ring-like 
electromagnetic coils formed by winding coated copper wire 
around the rotating shaft 1 with a required and adequate number 
of turns. Each of the electromagnetic coils 10 is incorporated 
in an electromagnetic stator 7 having an inside magnetic pole 
tooth 11 and an outside magnetic pole tooth 12. The reference 
numeral 8 represents each of ring-like housings which forms 
a magnetic circuit portion for corresponding one of the 
electromagnetic stators 7. The electromagnetic coils 10 are 
received in coil slots 9 formed symmetrically with respect to 
the rotation axis of the ring-like housings 8. The 
electromagnetic stators 7 are paired and disposed in opposition 
to each other with respect to a collar 22 so as to have suitable 
very small distances from the rotary disc 2 respectively on 
opposite sides of the rotary disc 2 . Thus, the electromagnetic 
stators 7 are attached to the casings 23. 

This axial magnetic bearing apparatus is controlled as 
follows. That is, axial displacement of the rotating shaft 
1 is measured by a not-shown displacement sensor. On the basis 
of an output signal from this displacement sensor, electric 
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currents to the electromagnetic coils 10 are adjusted to suitably 
vary magnetic attraction force acting between the rotating disc 
2 and the inside magnetic pole teeth 11 of the electromagnetic 
stators 7 andbetween the rotating disc 2 and the outsidemagnetic 
pole teeth 12 of the electromagnetic stators 7. Thus, the 
rotating shaft 1 is borne at a target position distant from 
the electromagnetic stators 7 and in non-contact therewith. 

However, in the structure of the above-mentioned axial 
magnetic bearing apparatus generally used in the background 
art, for example, magnetic circuits as shown in Fig. 9 are formed 
among the two electromagnetic stators 7a and 7b and the rotary 
disc 2 by selecting the polarities of the electric currents 
flowing into the electromagnetic coils 10. At this time, there 
are two magnetic circuits 13 formed between the respective 
electromagnetic stators 7 and the rotary disc 2, and a magnetic 
circuit 14 formed between the two electromagnetic stators 7a 
and 7b opposed to each other with respect to the rotary disc 
2. Here, the magnetic circuits 13 are magnetic circuits which 
contribute to magnetic attraction force required for the 
position control of the axial magnetic bearing, but the magnetic 
circuit 14 is a magnetic circuit which does not contribute to 
the magnetic attraction force at all. 

As a result, the magnetic attraction force generated by 
each of the electromagnetic stators 7 decreases so that the 



3 



■:IL. O II W^^ 5 «. t:rai"0 J., o s 



support stiffness of the axial magnetic bearing apparatus 
decreases . 

Incidentally, the reason why the support stiffness 
decreases due to the generation of the magnetic circuit 14 is, 
for example, disclosed in Japanese Patent Laid-Open No. 
122896/1993. Therefore, the description of the reason is 
omitted here. 

Thus, an invention for improving this defect is, for 
example, disclosed in Japanese Patent Laid-Open No . 122896/1993 
Fig, 11 shows this background-art improved axial magnetic 
bearing apparatus. In the drawing, one rotary disc piece 3 
made of a magnetic material has an L-shaped sectional structure 
with a sleeve 6 . A pair of such rotary disc pieces 3 are opposed 
to each other on their contra-sleeve sides, and a disc 5 of 
non-magnetic material is sandwiched like a layer between the 
rotary disc pieces 3. Thus, one rotary disc 2 is formed. 
Electromagnetic stators 7 are disposed respectively with 
suitable very small distances from the rotary disc 2 on opposite 
sides of this rotary disc 2 so as to be opposed to each other 
with respect to a collar 22 . Thus, the electromagnetic stators 
7 are attached to casings 23. 

Accordingly, amagnetic circuit 14 which is formed through 
the two electromagnetic stators 7 opposed to each other with 
respect to the rotary disc 2 and which does not contribute to 
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magnetic attraction force is eliminated. On the other hand, 
independent magnetic circuits 13 are formed between the 
respective electromagnetic staters 7 and the rotary disc 2. 
Thus, the performance of position control of the axial magnetic 
bearing apparatus is improved. 

Now, generally, axial magnetic bearing apparatus is of ten 
used as a support mechanism for a high-speed rotating body. 
It is difficult to realize such a support mechanism by a 
mechanical contact type bearing. In the high-speed rotating 
body, the natural frequency of the first-order bending mode 
of a rotor is important when the dimensions and shape of the 
rotor are designed. It is requested to design the rotor to 
have a natural frequency as high as pos.sible. To this end, 
the strength and mass of the rotary disc 2 and the fixation 
stiffness between the rotating shaft 1 and the rotary disc 2 
often become critical in the axial magnetic bearing apparatus 
which generally has a maximum outer diameter in the rotor shape . 
It is therefore necessary to pay close attention to the design 
of the rotor shape, particularly the design of the shape of 
the rotary disc 2 of the axial magnetic bearing apparatus. 

Generally, when a rotor makes a rotary motion, centrifugal 
force F [N] as shown in the following expression acts on the 
rotating body, and the magnitude thereof is in proportion to 
the mass and the outer diameter of the rotating body. 



5 



.1. Oi Cll IB! 'giEi'N!-.:?"' ... tl HCI J. C]i S! 



F=mra)^ 

Provided that m designates the mass [Kg] of the rotating 
body, r designates the outer radius [m] of the rotating body, 
and CO designates the rotation angular velocity [rad/sec] . 

The rotary disc 2 of the above-mentioned improved axial 
magnetic bearing apparatus (Fig. 11) in the background art has 
two rotary disc pieces 3. Each of the rotary disc pieces 3 
has an L-shaped sectional structure with a sleeve 6, The two 
rotary disc pieces 3 are opposed to each other on their 
contra-sleeve sides, and a non-magnetic disc 5 is sandwiched 
between the rotary disc pieces 3 so as to form one rotary disc. 
Thus, the two rotary disc pieces 3 and the non-magnetic disc 
5 are independent of one another, and not locked to one another. 
As shown in Fig. 12, at the time of high speed rotation, 
centrifugal force 24 acts on the rotary disc 2 and the 
non-magnetic disc 5. Thus, the rotary disc 2 has a maximum 
outer diameter at rotation-axis-direction positions of angular 
portions 4 of the rotary disc pieces 3. As a result, larger 
centrifugal force acts on the rotary disc 2 at the positions 
than in any portion of the sleeves 6. Thus, maximiim stress 
is generated in the angular portions 4 due to the centrifugal 
force at the time of high speed rotation. A gap 25 between 
the rotating shaft 1 and the rotary disc 2 becomes maximal at 
the positions of the angular portions 4. Thus, there arises 
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a problem that the fixation between the rotating shaft 1 and 
the rotary disc 2 is retained only at a part of the sleeves 
6. On the other hand, the same thing can be applied to the 
non-magnetic disc 5 . Since the non-magnetic disc 5 has a maximum 
outer diameter, there is produced a gap between the rotating 
shaft 1 and the inner diameter of the non-magnetic disc 5 so 
that the fixation cannot be retained perfectly. 

Further, the natural frequency of the first-order bending 
mode of a rotating body is generally in proportion to the square 
root of the reciprocal of the rotor mass. It is therefore 
advantageous that when a high-speed rotation rotor is designed, 
the number of fixation parts resulting in additional mass to 
thereby cause the decrease in the rotor stiffness is reduced 
to the utmost so that the weight of the rotor is reduced. However, 
the rotary disc 2 of the above-mentioned background-art improved 
axial magnetic bearing apparatus has a structure in which the 
rotary disc 2 is divided into two pieces, and the non-magnetic 
disc 5 is added between the two rotary disc pieces 3. Thus, 
there has been also a problem that such a structure is 
disadvantageous because the number of parts is increased, and 
the rotor mass is also increased. 

In addition, another embodiment of the above-mentioned 
background-art improved axial magnetic bearing apparatus has 
a structure in which an air layer in place of the non-magnetic 
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disc 5 is sandwiched between the two rotary disc pieces 3 , Also 
in this case, similarly to the above-mentioned embodiment, the 
two rotary disc pieces 3 are independent of each other and not 
locked to each other . Thus, the fixation of the angular portions 
4 is spoiled due to centrifugal force at the time of high speed 
rotation. As a result, a maximum gap is generated so that the 
fixation between the rotating shaft 1 and the rotary disc 2 
is retained only at a part of the sleeves 6. 

That is, there has been a problem that it is difficult 
to apply the above-mentioned background-art improved axial 
magnetic bearing apparatus to a mechanism for supporting a 
high-speed rotating body- 
In addition, typically, an iron-based magnetic material 
is often used for the casings 23 and the collar 22 to which 
the electromagnetic stators 7 are attached, from the point of 
view of the manufacturing cost, the cutting workability, and 
so on. Thus, in the structure of the background-art axial 
magnetic bearing apparatus (Fig. 8), a magnetic circuit 15 as 
shown in Fig. 10 may be formed. Incidentally, though not shown, 
also in the improved thrust bearing apparatus shown in Fig. 
11, a similar magnetic circuit 15 is formed when the casings 
23 and the collar 22 are formed out of an iron-based magnetic 
material. At this time, there are two magnetic circuits 13 
formed between the respective electromagnetic stators 7 and 
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the rotary disc 2, and a magnetic circuit 15 formed among the 
two electromagnetic stators 7 opposed to each other with respect 
to the rotary disc 2, and the collar 22 or the casings 23 . Here, 
the magnetic circuits 13 are magnetic circuits which contribute 
to magnetic attraction force required for the position control 
of the axial magnetic bearing, while the magnetic circuit 15 
is a magnetic circuit which does not contribute to the magnetic 
attraction force at all. 

Accordingly, also in this case, the magnetic attraction 
force generated by each of the electromagnetic stators 7 
decreases so that the support stiffness of the axial magnetic 
bearing decreases . 

The present invention was devised to solve the foregoing 
problems. An object of the invention is to provide axial 
magnetic bearing apparatus having a structure in which formation 
of any magnetic circuit not contributing to position control 
of the axial magnet ic bearing is relieved or prevented to provide 
high efficiency and superior controllability, and having a 
structure in which the stiffness of a rotor is not lowered even 
at the time of high speed rotation. 
Disclosure of the Invention 

In order to solve the above-mentioned problems, the 
present invention provides axial magnetic bearing apparatus 
in which a rotary disc made of a magnetic material is fixedly 
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attached to a rotating shaft, while a pair of electromagnetic 
stators in each of which a ring-like electromagnetic coil for 
generating magnetomotive force is inserted into a coil slot 
are fixed to casings respectively so as to be located on opposite 
sides of the rotary disc with suitable very small distances, 
and on the basis of an output signal of a displacement sensor 
for measuring axial displacement of the rotating shaft, magnetic 
attraction force is made to act between the rotary disc and 
each of the electromagnetic stators so as to bear the rotating 
shaft in a target position distant from the electromagnetic 
stators and in non-contact therewith, wherein a deep groove 
or through holes for forming an air layer having large 
magneto-resistance are provided in a vicinity of an axial center 
of the rotary disc so as to extend from an outer circumferential 
portion of the rotary disc toward the rotating shaft. 

Further, according to the present invention; the deep 
groove is formed all over an outer circumference of the rotary 
disc, while an inner diameter of the deep groove is designed 
to be smaller than an inner diameter of each of inside magnetic 
pole teeth of the electromagnetic stators. 

Further, according to the present invention, each of the 
through holes is designed to have a slit shape extending from 
the outer circumferential portion of the rotary disc to an outer 
circumferential portion of the rotating shaft. 
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Then, according to these configurations, magnetic 
interference between two magnetic circuits formed by the 
respective electromagnetic stators is relieved. As a result, 
it is possible to relieve the formation of an abnormal magnetic 
circuit extending from one electromagnetic stator to the other 
electromagnetic stator through the rotary disc and extending 
from the other electromagnetic stator to the one electromagnetic 
stator through the rotor disc - Thus, electric energy supplied 
to the electromagnetic coils is effectively utilized to control 
the position of the rotating shaft so that it is possible to 
improve the control performance. In addition, the rotary disc 
is integrally coupled in the portion where no deep groove or 
no through hole is provided. Thus, even if maximum stress is 
generated due to centrifugal force at the time of high speed 
rotation in the rotation- axis-direction position of the inner 
diameter of the rotary disc having a maximum outer diameter, 
the stress is relieved so that the fixation between the rotating 
shaft and the rotary disc is retained surely. 

Further, the mass of the rotary disc can be reduced by 
the formation of the deep groove or the through holes, and the 
number of fixation parts canbe reduced. As a result, the natural 
frequency of the rotor can be increased. 

Further, according to the present invention, a distance 
between a surface of the rotary disc located in a position not 
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opposed to any one of an inside magnetic pole tooth and an outside 
magnetic pole tooth of corresponding one of the electromagnetic 
stators and a surface of the corresponding electromagnetic 
stator opposed to the surface of the rotary disc is formed to 
be larger than a distance between a surface of the rotary disc 
located in a position opposed to each of the inside magnetic 
pole tooth and the outside magnetic pole tooth of the 
corresponding electromagnetic stator and a surface of the 
corresponding electromagnetic stator opposed to the surface 
of the rotary disc. 

As a result/ magnetic flux and leakage flux entering the 
inside of the rotary disc through the surface of rotary disc 
not opposed to any one of the inside magnetic pole teeth and 
the outside magnetic teeth of the electromagnetic stators are 
relieved so that the magnetic flux density in the inside magnetic 
pole tooth and the outside magnetic pole tooth of each of the 
electromagnetic stators can be increased. Accordingly, the 
electric energy supplied to the electromagnetic coils can be 
more effectively utilized to control the position of the rotating 
shaft. 

Further, according to the present invention, slits large 
enough to increase radial magneto-resistance are provided at 
several places in outer circumferential portions of the 
electromagnetic stators. Accordingly, magnetic interference 
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between two magnetic circuits formed by the respective 
electromagnetic staters is relieved. As a result, it is 
possible to relieve the formation of an abnormal magnetic circuit 
extending from one electromagnetic stator to the other 
electromagnetic stator through the casings or the collar and 
extending from the other electromagnetic stator to the one 
electromagnetic stator through the rotor disc . Thus, electric 
energy supplied to the electromagnetic coils ismore effectively 
utilized to control the position of the rotating shaft so that 
it is possible to improve the control performance . 

Further, according to the present invention, an outer 
circumferential groove for forming an air layer having large 
magneto-resistance is provided in a portion of each of the 
outside magnetic pole teeth of the electromagnetic stators not 
opposed to the rotary disc so as to extend axially from a side 
where the rotary disc is located- Accordingly, magnetic 
interference between two magnetic circuits formed by the 
respective electromagnetic stators is relieved, and the 
magnetic flux density in the inside magnetic pole tooth and 
the outside magnetic pole tooth of each of the electromagnetic 
stators canbe increased. As a result, it is possible to relieve 
the formation of an abnormal magnetic circuit extending from 
one electromagnetic stator to the other electromagnetic stator 
through the casings or the collar and extending from the other 
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electromagnetic stator to the one electromagnetic stator 
through the rotor disc. Thus, electric energy supplied to the 
electromagnetic coils is more effectively utilized to control 
the position of the rotating shaft so that it is possible to 
improve the control performance. 

Further, according to the present invention, an outer 
diameter of each of the electromagnetic stators is formed to 
have substantially as large as an outer diameter of the rotary 
disc, and a ring made of a non-magnetic material having a radial 
thickness enough to form a layer with large magneto-resistance 
is interposed between an outer circumferential portion of each 
of the electromagnetic stators and an inner circumferential 
portion of corresponding one of the casings to which the 
electromagnetic stator is attached. Accordingly, twomagnetic 
circuits formed by the respective electromagnetic stators are 
insulated from each other magnetically perfectly, and the 
magnetic flux density in the inside magnetic pole tooth and 
the outside magnetic pole tooth of each of the electromagnetic 
stators can be increased. As a result, it is possible to more 
surely prevent the formation of an abnormal magnetic circuit 
extending from one electromagnetic stator to the other 
electromagnetic stator through the casings or the collar and 
extending from the other electromagnetic stator to the one 
electromagnetic stator through the rotor disc . Thus, electric 
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energy supplied to the electromagnetic coils is more effectively 
utilized to control the position of the rotating shaft so that 
it is possible to improve the control performance. 

Further, according to the present invention, a collar 
made of a non-magnetic material for relatively positioning where 
the pair of electromagnetic stators are attached is provided 
between the pair of electromagnetic stators . Accordingly, two 
magnetic circuits formed by the respective electromagnetic 
stators are insulated from each other magnetically . As a result, 
it is possible to more surely prevent the formation of an abnormal 
magnetic circuit extending from one electromagnetic stator to 
the other electromagnetic stator through the collar and 
extending from the other electromagnetic stator to the one 
electromagnetic stator through the rotor disc . Thus, electric 
energy supplied to the electromagnetic coils is effectively 
utilized to control the position of the rotating shaft so that 
it is possible to improve the control performance. 
Brief Description of the Drawings 

Fig. 1 is a sectional view showing Mode 1 for carrying 
out axial magnetic bearing apparatus according to the present 
invention . 

Fig. 2A is a sectional view showing Mode 2 for carrying 
out the axial magnetic bearing apparatus according to the present 
invention, and Fig. 2B is a sectional view taken on line X-X 
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in Fig. 2A. 

Fig. 3 is a sectional view showing Mode 3 for carrying 
out the axial magnetic bearing apparatus according to the present 
invention . 

Fig. 4A is a sectional view showing Mode 4 for carrying 
out the axial magnetic bearing apparatus according to the present 
invention, and Fig. 4B is a sectional view taken on line X-X 
in Fig. 4A. 

Fig. 5 is a sectional view showing Mode 5 for carrying 
out the axial magnetic bearing apparatus according to the present 
invention . 

Fig. 6A is a sectional view showing Mode 6 for carrying 
out the axialmagneticbearing apparatus according to thepresent 
invention, and Fig. 6B is a sectional view taken on line X-X 
in Fig. 6A. 

Fig. 7 is a sectional view showing Mode 7 for carrying 
out the axial magneticbearing apparatus according to the present 
invention. 

Fig. 8 is a sectional view showing background-art axial 
magnetic bearing apparatus. 

Fig. 9 is a sectional view for explaining a defect of 
the background-art axial magnetic bearing apparatus. 

Fig. 10 is a sectional view for explaining another defect 
of the background-art axial magnetic bearing apparatus. 
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Fig. 11 is a sectional view showing another background-art 
axial magnetic bearing apparatus . 

Fig. 12 is a diagram showing the deformation of the 
structure of the other background-art axial magnetic bearing 
apparatus at the time of high speed rotation. 
Best Mode for Carrying Out the Invention 

Modes for carrying out the present invention will be 
described below in detail with reference to Figs. 1 to 7 . 
Mode 1 . 

Fig. 1 is a sectional view showing Mode 1 for carrying 
out axial magnetic bearing apparatus according to the present 
invention. Ring-like coil slots 9 are formed symmetrically 
with respect to the rotation axes of ring-like housings 8 
respectively formed out of a magnetic material which is superior 
in magnetic property. Ring-like electromagnetic coils 10 for 
generating magnetomotive force are inserted into the respective 
coil slots 9 so as to form electromagnetic stators 7 respectively 
A rotary disc 2 made of a magnetic material is fixedly attached 
to a rotating shaft 1 . The above-mentioned electromagnetic 
stators 7 are disposed respectively on opposite sides of the 
rotary disc 2 with suitable very small distances from the rotary 
disc 2. Sleeves 6 to be fixedly attached to the rotating shaft 
1 are provided on opposite sides of the rotary disc 2. A deep 
groove 16 is formed in the vicinity of the axial center of the 
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rotary disc 2 so as to cover the outer circumference of the 
rotary disc 2 and to extend through the positions of inside 
magnetic pole teeth 11 of the electromagnetic stators 7 up to 
the vicinities of positions short of the inner circumferential 
positions of the sleeves 6. Incidentally, an air layer formed 
by this deep groove 16 is formed with a certain suitable width 
in the axial direction so as to have sufficiently large 
magneto-resistance . 

By selecting the polarities of electric currents flowing 
into the electromagnetic coils 10, for example, two magnetic 
circuits 13 are formed between the electromagnetic stators 7 
and the rotary disc 2 as shown in Fig. 1. The rotating shaft 
1 is controlled as follows. That is, axial displacement of 
the rotating shaft 1 is detected by a not-shown displacement 
sensor. An output signal from the displacement sensor is 
supplied to a not-shown magnetic bearing control unit . Control 
currents are applied from the control unit to the two 
electromagnetic coils 10. Thus, magnetic attraction force is 
generated between the rotary disc 2 and the electromagnetic 
stators 7 so as to bear the rotating shaft 1 at a target position 
distant from the electromagnetic stators 7 and in non-contact 
therewith . 

Then, as a characteristic portion of the present invention, 
the deep groove 16 is provided near the axial center of the 
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rotary disc 2 fixedly attached to the rotating shaft 1, so as 
to cover the outer circumference of the rotary disc 2. The 
inner diameter of the deep groove 16 is formed to be smaller 
than the inner diameter of each of the inside magnetic pole 
teeth 11. Due to this deep groove 16, an air layer is formed 
with a certain suitable width in the axial direction so as to 
have sufficiently large magneto-resistance . Accordingly, the 
one magnetic circuit 13 formed by the electromagnetic stator 
7a and the rotary disc 2 and the other magnetic circuit 13 formed 
by the electromagnetic stator 7b and the rotary disc 2 are 
insulated from each other magnetically . As a result, formation 
of an abnormal magnetic circuit designated by the reference 
numeral 14 in Fig. 9 can be relieved without increasing the 
number of parts, and a magnetic circuit is made independent 
for each of the electromagnetic stators 7a and 7b. Thus, the 
electric energy supplied to the electromagnetic coils 10 can 
be used effectively for position control of the rotating shaft 
1. 

In addition, the two rotary disc pieces 3 are integrally 
coupled in the bottom portion of the deep groove 16 . Therefore, 
even if maximum stress is generated due to centrifugal force 
in the rotation-axis-direction positions of the angular 
portions 4 where the rotary disc 2 has a maximum outer diameter 
at the time of high speed rotation, the stress is relieved so 
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that the fixation between the rotating shaft 1 and the rotary- 
disc 2 is always held. 

Further, the mass of the rotary disc 2 can be reduced 
by the formation of the deep groove 16, and the number of fixation 
parts can be also reduced. As a result, the natural frequency 
of a rotor which might cause a problem at the time of high speed 
rotation can be increased. Thus, it can be made easy to design 
the rotor. 

Furthermore, the deep groove 16 can be formed easily with 
a lathe or the like. Thus, the workability is excellent. 
Mode 2. 

Fig- 2A is a sectional view showing Mode 2 for carrying 
out the axial magnet ic bearing apparatus according to the present 
invention, and Fig. 2B is a sectional view taken on line X-X 
in Fig. 2A. Incidentally, in this Mode 2, the structure of 
the rotary disc 2 in the above-mentioned Mode 1 is modified. 

That is, in this Mode 2, as shown in Figs. 2A and 2B, 
the rotary disc 2 has, on its opposite sides, sleeves 6 to be 
fixedly attached to the rotating shaft 1. Slit-like through 
holes 17 extending from the outer circiimf erential portion of 
the rotary disc 2 to the outer circumferential portion of the 
rotating shaft 1 are provided at several places in the vicinity 
of the axial center of the rotary disc 2. Incidentally, these 
through holes 17 are formed in positions where the through holes 
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17 do not unbalance the rotary disc 2 when the rotary disc 2 
rotates at a high speed. In addition, an air layer formed by 
each of these slit-like through holes 17 is formed with a certain 
suitable diameter to have sufficiently large 

magneto-resistance. In addition, in Fig. 2B, the reference 
numeral 17a represents a portion 17a where no slit-like through 
hole 17 is provided. The portion 17a plays a role of connection 
between rotary disc pieces 3 and 3. Incidentally, the other 
configuration is similar to that inMode 1, and hence description 
thereof will be omitted. 

By selecting the polarities of electric currents flowing 
into the electromagnetic coils 10, for example, two magnetic 
circuits 13 are formed between the electromagnetic stators 7 
and the rotary disc 2 as shown in Figs. 2A and 2B. Means for 
position control of the rotating shaft 1 is similar to that 
in Mode 1 . 

Then, as a characteristic portion of the present invention, 
the slit-like through holes 17 are provided in the vicinity 
of the axial center of the rotary disc 2 fixedly attached to 
the rotating shaft 1, and at several places in the outer diameter 
portion of the rotary disc 2. An air layer formed by these 
slit-like through holes 17 is formed with a certain suitable 
diameter so as to have sufficiently large magneto-resistance. 
Accordingly, the magnetic circuit formed by the electromagnetic 
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stator 7a and the rotary disc 2 and the magnetic circuit formed 
by the electromagnetic stator 7b and the rotary disc 2 are 
relieved from magnetic interference. As a result, formation 
of an abnormal magnetic circuit designated by the reference 
numeral 14 in Fig. 9 can be relieved without increasing the 
number of parts, and magnetic circuits formed by the 
electromagnetic stators 7a and 7b are made independent of each 
other. Thus, the electric energy supplied to the 
electromagnetic coils 10 can be used effectively for position 
control of the rotating shaft 1. 

In addition, the root portion where the rotary disc 2 
has a maximum diameter portion is integrated with the portions 
17awhere no slit-like throughholes 17 areprovided. Therefore, 
even if maximum stress is generated due to centrifugal force 
in the rotation-axis-direction positions of the angular 
portions 4 where the rotary disc 2 has a maximum outer diameter 
at the time of high speed rotation, the stress is relieved so 
that the fixation between the rotating shaft 1 and the rotary 
disc 2 is always held. 

Further, the mass of the rotary disc 2 can be reduced 
by the formation of the slit-like through holes 17, and the 
number of fixationparts canbe reduced. As a result, the natural 
frequency of a rotor which might cause a problem when the rotor 
is rotating at a high speed can be increased. Thus, design 
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of the rotor can be made easy. 
Mode 3 . 

Fig. 3 is a sectional view showing Mode 3 for carrying 
out the axial magnetic bearing apparatus according to the present 
invention. In this Mode 3, the structure of the rotary disc 
2 in the above-mentioned Mode 1 is improved partially. 

That is, in this mode, electromagnetic stators 7 are 
located on opposite sides of the rotary disc 2 in each of Fig. 

1 and Figs . 2A and 2B so as to have suitable very small distances 
from the rotary disc 2 on the opposite sides respectively. The 
distance between the surface of the rotary disc 2 not opposed 
to any one of an inside magnetic pole tooth 11 and an outside 
magnetic pole tooth 12 of each electromagnetic stator 7 and 
the corresponding surface of the electromagnetic stator 7 
opposed to this surface of the rotary disc 2 is formed to be 
larger than the distance between the surface of the rotary disc 

2 opposed to the inside magnetic pole tooth 11 and the outside 
magnetic pole tooth 12 of the electromagnetic stator 7 and the 
corresponding surface of the electromagnetic stator 7 opposed 
to this surface of the rotary disc 2 . In other words, a ring-like 
recess portion is formed in the surface of the rotary disc 2 
not opposed to any one of an inside magnetic pole tooth 11 and 
an outside magnetic pole tooth 12 of each electromagnetic stator 
7 so that the surface of the rotary disc 2 not opposed to the 



23 



± €1 o e ES «4> :7' .„ o o :i o 



inside magnetic pole tooth 11 and the outside magnetic pole 
tooth 12 of the electromagnetic stators 7 has a shape depressed 
deeper than the surface of the rotary disc 2 opposed to the 
inside magnetic pole tooth 11 and the outside magnetic pole 
tooth 12 of the electromagnetic stator 7. Incidentally, in 
Fig. 3, the symbol A designates a portion which shows visually 
the state that magnetic flux is concentrated between the surface 
of the rotary disc 2 opposed to the inside magnetic pole tooth 
11 of each electromagnetic stators 7 and the inside magnetic 
pole tooth 11 of the electromagnetic stator 7 and between the 
surface of the rotary disc 2 opposed to the corresponding outside 
magnetic pole tooth 12 of the electromagnetic stator 7 and the 
outside magnetic pole tooth 12 of the electromagnetic stator 
7 due to the above-mentioned structure. Incidentally, the 
other configuration is similar to that in Mode 1, and hence 
description thereof will be omitted. 

By selecting the polarities of electric currents flowing 
into the electromagnetic coils 10, for example, two magnetic 
circuits 13 are formed between the electromagnetic stators 7 
and the rotary disc 2 as shown in Fig. 3. Means for position 
control of the rotating shaft 1 is similar to that in Mode 1. 

Then, as a char acter is tic port ion of the present invention, 
the electromagnetic stators 7 are located on opposite sides 
of the rotary disc 2 fixedly attached to the rotating shaft 
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1 so as to have suitable very small distances from the rotary 
disc 2 on the opposite sides respectively, and the distance 
between the surface of the rotary disc 2 not opposed to any 
one of the inside magnetic pole tooth 11 and the outside magnetic 
pole tooth 12 of each electromagnetic stators 7 and the surface 
of the electromagnetic stator 7 opposed to this surface of the 
rotary disc 2 is formed to be larger than the distance between 
the surface of the rotary disc 2 opposed to the inside magnetic 
pole tooth 11 and the outside magnetic pole tooth 12 of the 
electromagnetic stator 7 and the surface of the electromagnetic 
stator 7 opposed to this surface of the rotary disc 2. By the 
difference between these surface distances, magnetic flux and 
leakage flux entering the inside of the rotary disc 2 through 
the surface of the rotary disc 2 not opposed to any one of the 
inside magnetic pole tooth 11 and the outside magnetic pole 
tooth 12 of each electromagnetic stator 7 are relieved. Thus, 
magnetic flux generated by each electromagnetic stator 7 can 
enter the inside of the rotary disc 2 efficiently only through 
the surface of the rotary disc 2 opposed to the inside magnetic 
pole tooth 11 and the outside magnetic pole tooth 12 of the 
electromagnetic stator 7. As a result, the magnetic flux 
density in each inside magnetic pole tooth 11 and the 
corresponding outside magnetic pole tooth 12 can be enhanced 
without increasing the number of parts. Thus, the electric 
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energy supplied to the electromagnetic coils 10 can be used 
more effectively for position control of the rotating shaft 
1 . 

Incidentally, the characteristic configuration of this 
Mode 3 can be also combined with the configuration shown in 
Mode 2. 
Mode 4 . 

Fig. 4A is a sectional view showing Mode 4 for carrying 
out the axial magnetic bearing apparatus according to the present 
invention, and Fig. 4B is a sectional view taken on line X-X 
in Fig. 4A- Incidentally, in this Mode 4, the structure of 
the electromagnetic stators 7 in the above-mentioned Mode 1 
is modified partially. 

That is, in this mode, slits 18 are provided at several 
places in the outer circumferential portion of each 
electromagnetic stator 7 so as to cover the axial length of 
the electromagnetic stator 7. Incidentally, each of these 
slits 18 is formed with a certain suitable radial depth so that 
an air layer formed by these slits 18 has sufficiently large 
magneto-resistance. In addition, the number of the slits 18 
and the circumferential length of each slit 18 are determined 
suitably so that contact portions between each electromagnetic 
stator 7 and the corresponding casing 23 are reduced to the 
utmost, that is, to an extent allowable in attachment strength. 



26 



J.. O !□ Ei: 'gi Eii'iMi-7" „ ■tLYH-U l.,Q 



Incidentally, the other configuration is similar to that in 
Mode 1, and hence description thereof will be omitted. 

By selecting the polarities of electric currents flowing 
into the electromagnetic coils 10, for example, two magnetic 
circuits 13 are formed between the electromagnetic stators 7 
and the rotary disc 2 as shown in Figs. 4A and 4B. Means for 
position control of the rotating shaft 1 is similar to that 
in Mode 1 . 

Then, as a char acteristic port ion of thepresent invention, 
the slits 18 are provided at several places in the outer 
circumferential portion of each electromagnetic stator 7 
disposed with a suitable very small distance from the rotary 
disc 2 on corresponding one of opposite sides of the rotary 
disc 2 . Each of these slits 18 is formed with a certain suitable 
radial depth so that an air layer formed by these slits 18 has 
sufficiently large magneto-resistance. In addition, the 
niomber of the slits 18 and the circumferential length of each 
slit 18 are determined suitably so that contact portions between 
each electromagnetic stator 7 and the corresponding casing 23 
are reduced to the utmost, that is, to an extent allowable in 
attachment strength. Accordingly, generation of a magnetic 
circuit not contributing to magnetic attraction force formed 
among the two electromagnetic stators 7 opposed to each other 
with respect to the rotary disc 2, the collar 22 generally made 
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of an iron-based magnetic material, and the casings 23 is 
relieved. As a result, the one magnetic circuit formed by the 
electromagnetic stator 7a and the rotary disc 2 and the other 
magnetic circuit formed by the electromagnetic stator 7b and 
the rotary disc 2 are insulated from each other magnetically. 
Accordingly, formation of an abnormal magnetic circuit 
designated by the reference numeral 15 in Fig. 10 can be relieved 
more without increasing the number of parts . Thus, the electric 
energy supplied to the electromagnetic coils 10 can be used 
more effectively for position control of the rotating shaft 
1 . 

Incidentally, the characteristic configuration of this 
Mode 4 can be combined with the configuration shown in Mode 
2 or Mode 3 . 
Mode 5. 

Fig. 5 is a sectional view showing Mode 5 for carrying 
out the axialmagneticbearing apparatus according to the present 
invention. In this Mode 5, the structure of the electromagnetic 
stators 7 in the above-mentioned Mode 1 is improved partially . 

That is, in this mode, ring-like outer circumferential 
grooves 19 are provided respectively in the portions of the 
outer magnetic pole teeth 12 of the electromagnetic stators 
7 not opposed to the rotary disc 2, so as to extend axially 
from the side where the rotary disc 2 is located. Each of these 
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outer circumferential grooves 19 is formed with a certain 
suitable radial thickness so that an air layer formed by the 
outer circumferential grooves 19 has sufficiently large 
magneto-resistance. In addition, the axial depth of each outer 
circumferential groove 19 is secured to an extent allowable 
in attachment strength, so that the radial magneto-resistance 
in the outer circumferential groove bottom portion 2 0 of the 
corresponding electromagnetic stator 7 can be increased 
sufficiently. Incidentally, the other configuration is 
similar to that in Mode 1, and hence description thereof will 
be omitted. 

By selecting the polarities of electric currents flowing 
into the electromagnetic coils 10, for example, two magnetic 
circuits 13 are formed between the electromagnetic stators 7 
and the rotary disc 2 as shown in Fig. 5. Means for position 
control of the rotating shaft 1 is similar to that in Mode 1. 

Then, as a characteristicportion of the present invention, 
the electromagnetic stators 7 are disposed on opposite sides 
of the rotary disc 2 so as to have suitable very small distances 
from the rotary disc 2 on the opposite sides respectively, and 
the outer circumferential grooves 19 are provided respectively 
in the portions of the outer magnetic pole teeth 12 of the 
electromagnetic stators 7 not opposed to the rotary disc 2, 
so as to extend axially from the side where the rotary disc 
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2 is located. Each of these outer circumferential grooves 19 
is formed with a certain suitable radial thickness so that an 
air layer formed by these outer circumferential grooves 19 has 
sufficiently large magneto-resistance. In addition, the axial 
depth of each outer circumferential groove 19 is secured to 
an extent allowable in attachment strength, so that the radial 
magneto-resistance in the outer circumferential groove bottom 
portion 20 of the corresponding electromagnetic stator 7 can 
be increased sufficiently. Accordingly, generation of a 
magnetic circuit not contributing to magnetic attraction force 
formed among the two electromagnetic stators 7 opposed to each 
other with respect to the rotary disc 2, the collar 22 generally 
made of an iron-based magnetic material, and the casings 23 
is relieved. In addition, because the outer circumferential 
grooves 19 are provided respectively in the portions of the 
outside magnetic pole teeth 12 of the electromagnetic stators 
7 not opposed to the rotary disc 2, the magnetic flux density 
in the outside magnetic pole tooth 12 of each electromagnetic 
stator 7 is enhanced. As a result, the one magnetic circuit 
formed by the electromagnetic stator 7a and the rotary disc 
2 and the other magnetic circuit formed by the electromagnetic 
stator 7b and the rotary disc 2 are insulated from each other 
magnetically. Accordingly, formation of an abnormal magnetic 
circuit designated by the reference numeral 15 in Fig. 10 can 
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be relieved more without increasing the number of parts , Thus, 
the electric energy supplied to the electromagnetic coils 10 
canbe usedmore effectively for position control of the rotating 
shaft 1. 

Incidentally, the characteristic configuration of this 
Mode 5 can be also combined with the configuration shown in 
Mode 2 or Mode 3 . Further, if mechanical stiffness can be kept, 
the characteristic configuration of this Mode 5 can be also 
combined with the configuration shown in Mode 4. 
Mode 6 . 

Fig. 6A is a sectional view showing Mode 6 for carrying 
out the axial magnetic bearing apparatus according to the present 
invention, and Fig. 6B is a sectional view taken on line X-X 
in Fig. 6A. InthisMode4, the structure of the electromagnetic 
stators 7 in the above-mentioned Mode 1 is improved partially . 
In this Mode 6, the structure of the electromagnetic stators 
7 in the above-mentioned Mode 1 is improved partially. 

That is, in this mode, the outer diameter of each of the 
electromagnetic stators 7 is formed to be substantially as large 
as the outer diameter of the rotary disc 2, and rings 21 made 
of a non-magnetic material are attached to the outer diameter 
portions of the two electromagnetic stators 7. Incidentally, 
the non-magnetic rings 21 attached between the inner 
circixmf erential portions of the casings 23 and the outer 
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circumferential portions of the electromagnetic staters 7 
respectively are formed with a certain suitable radial thickness 
so as to have sufficiently large magneto-resistance. 
Incidentally, the other structure is similar to that in Mode 

1, and hence description thereof will be omitted. 

By selecting the polarities of electric currents flowing 
into the electromagnetic coils 10, for example, two magnetic 
circuits 13 are formed between the electromagnetic stators 7 
and the rotary disc 2 as shown in Figs. 6A and 6B . Means for 
position control of the rotating shaft 1 is similar to that 
in Mode 1 . 

Then, as a characteristicportion of the present invention, 
the outer diameter of the electromagnetic stator 7 disposed 
on each of opposite sides of the rotary disc 2 so as to have 
a suitable very small distance therefrom is formed to be 
substantially as large as the outer diameter of the rotary disc 

2, and the rings 21 made of a non-magnetic material are attached 
to the outer diameter portions of the two electromagnetic stators 
7. The non-magnetic ring 21 attached between the inner 
diameters of the casings 23 and the outer diameters of the 
electromagnetic stators 7 are formed with a certain suitable 
radial thickness so as to have sufficiently large 
magneto-resistance. Accordingly, generation of a magnetic 
circuit not contributing to magnetic attraction force formed 
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among the two electromagnetic stators 7 opposed to each other 
with respect to the rotary disc 2, the collar 22 generally made 
of an iron-based magnetic material, and the casings 23 is 
prevented. In addition, because the outer diameter of each 
electromagnetic stator 7 is formed to be substantially as large 
as the outer diameter of the rotary disc 2, the magnetic flux 
density in the outside magnetic pole tooth 12 of the 
electromagnetic stator 7 can be enhanced. As a result, the 
one magnetic circuit formed by the electromagnetic stator 7a 
and the rotary disc 2 and the other magnetic circuit formed 
by the electromagnetic stator 7b and the rotary disc 2 are 
insulated fromeachothermagneticallyperfectly. Accordingly, 
formation of an abnormal magnetic circuit designated by the 
reference numeral 15 in Fig. 10 can be prevented more surely. 
Thus, the electric energy supplied to the electromagnetic coils 
10 can be used more effectively for position control of the 
rotating shaft 1. 

Incidentally, the characteristic configuration of this 
Mode 6 can be combined with the configuration shown in any one 
of Modes 2 to 5. 
Mode 7. 

Fig. 7 is a sectional view showing Mode 7 for carrying 
out the axial magnet ic bearing apparatus according to the present 
invention. In this Mode 7, the collar 22 for relatively 
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positioning the attachment of the two electromagnetic stators 
7 in the above-mentioned Mode 1 is improved. 

That is, in this mode, a collar 22 made of a non-magnetic 
material is provided between the two electromagnetic stators 
7 disposed on opposite sides of the rotary disc 2 so as to have 
suitable very small distances from the rotary disc 2 on the 
opposite sides respectively. Incidentally, the other 
configuration is similar to that inMode 1, andhence description 
thereof will be omitted. 

By selecting the polarities of electric currents flowing 
into the electromagnetic coils 10, for example, two magnetic 
circuits 13 are formed between the electromagnetic stators 7 
and the rotary disc 2 as shown in Fig. 7. Means for position 
control of the rotating shaft 1 is similar to that in Mode 1. 

Then, as a characteristic portion of the present invention, 
the collar 22 made of a non-magnetic material is provided between 
the two electromagnetic stators 7 disposed on opposite sides 
of the rotary disc 2 so as to have suitable very small distances 
from the rotary disc 2 on the opposite sides respectively. Since 
the collar 22 is formed out of a non-magnetic material, 
generation of a magnetic circuit not contributing to magnetic 
attraction force formed between the collar 22 and the two 
electromagnetic stators 7 opposed to each other with respect 
to the rotary disc 2 is prevented. Accordingly, the one magnetic 
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circuit formed by the electromagnetic stator 7a and the rotary- 
disc 2 and the other magnetic circuit formed by the 
electromagnetic stator 7b and the rotary disc 2 are insulated 
form each other magnetically perfectly. Thus, formation of 
an abnormal magnetic circuit (an abnormal magnetic circuit 
formed between the electromagnetic stators 7 and the collar 
22) can be prevented more surely without any increase in the 
number of parts. Thus, the electric energy supplied to the 
electromagnetic coils 10 can be used more effectively for 
position control of the rotating shaft 1. In addition, 
attachment of both the electromagnetic stators 7 can be 
relatively positioned easily by use of the collar 22 so that 
the assembly performance is improved. 

Incidentally, the characteristic configuration of this 
Mode 7 can be also combined with the configuration shown in 
any one of Mode 2 to Mode 6. 

In addition, the present invention is not limited to the 
above-mentioned respective modes, but includes a wide variety 
of other modifications. The present invention has a feature 
in that the two electromagnetic stators 7 are relieved or 
prevented from magnetic interference, and the stiffness of a 
rotor is prevented from being lowered even at the time of high 
speed rotation. Therefore, for example, in Mode 2, the 
slit-like through holes 17 for forming an air layer having large 
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magnet o-resi stance are provided from the outer diameter portion 
of the rotary disc 2 to the vicinity of the axial center of 
the rotary disc 2 . However, in place of these slit-like through 
holes 17, circular through holes may be provided at several 
places to extend from the outer circumferential portion of the 
rotary disc 2. In this case, since the through holes can be 
formed easily with a drill or the like, the workability is good. 
Alternatively, in Mode 2, not always by through holes, but by 
a deep groove which is deeper than the inner diameter of each 
of the inside magnetic pole teeth 11 of the electromagnetic 
stators 7 and which does not reach the outer circumferential 
portion of the rotating shaft 1, it is also possible to attain 
the intended objects. 

As described above, according to the structure of axial 
magnetic bearing apparatus in the present invention, a deep 
groove or through holes for forming an air layer having large 
magneto-resistance are provided in the vicinity of the axial 
center of a rotary disc so as to extend from the outer 
circumferential portion of the rotary disc toward the 
above-mentioned rotating shaft. Accordingly, by the effect 
of the deep groove or the through holes, two magnetic circuits 
formedby respective electromagnetic stators are insulated from 
each other magnetically . As a result, formation of an abnormal 
magnetic circuit can be relieved. Thus, electric energy 
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supplied to electromagnetic coils is effectively utilized for 
position control of the rotating shaft so that the control 
performance can be improved. In addition, the rotary disc is 
integrally coupled in the bottom portion of the deep groove 
or the portion where no through hole is provided. Accordingly, 
even if maximum stress is generated due to centrifugal force 
in the rotation-axis-direction positions of the inner diameters 
of the rotary disc having a maximum outer diameter at the time 
of high speed rotation, the stress is relieved. Thus, the 
fixation between the rotating shaft and the rotary disc is 
retained surely. 

Further, the mass of the rotary disc can be reduced by 
the formation of the deep groove or the through holes, and the 
number of fixationparts canbe reduced. As a result, thenatural 
frequency of the rotor can be increased. 

Further, according to the present invention, a distance 
between a surface of the rotary disc located in a position not 
opposed to any one of an inside magnetic pole tooth and an outside 
magnetic pole tooth of corresponding one of the electromagnetic 
stators and a surface of the corresponding electromagnetic 
stator opposed to the surface of the rotary disc is formed to 
be larger than a distance between a surface of the rotary disc 
located in a position opposed to each of the inside magnetic 
pole tooth and the outside magnetic pole tooth of the 
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corresponding electromagnetic stator and a surface of the 
corresponding electromagnetic stator opposed to the surface 
of the rotary disc. Accordingly, magnetic flux entering the 
inside of the rotary disc through the surface of rotary disc 
not opposed to any one of the inside magnetic pole teeth and 
the outside magnetic teeth of the electromagnetic stators, and 
leakage flux escaping to an atmosphere are relieved, so that 
the magnetic flux density in the inside magnetic pole tooth 
and the outside magnetic pole tooth of each of the 
electromagnetic stators can be increased. Accordingly, the 
electric energy supplied to the electromagnetic coils can be 
more effectively utilized to control the posit ion of the rotating 
shaft. 

Further, according to the present invention, slits large 
enough to increase radial magneto-resistance are provided at 
several places in outer circumferential portions of the 
electromagnetic stators . Accordingly, magnetic interference 
between two magnetic circuits formed by the respective 
electromagnetic stators is relieved. As a result, it is 
possible to relieve the format ion of an abnormal magnetic circuit . 
Thus, electric energy supplied to the electromagnetic coils 
is more effectively utilized to control the position of the 
rotating shaft so that it is possible to improve the control 
performance . 
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Further, according to the present invention, an outer 
circumferential groove for forming an air layer having large 
magneto-resistance is provided in a portion of each of the 
outside magnetic pole teeth of the electromagnetic stators not 
opposed to the rotary disc so as to extend axially from a side 
where the rotary disc is located. Accordingly, magnetic 
interference between two magnetic circuits formed by the 
respective electromagnetic stators is relieved, and the 
magnetic flux density in the inside magnetic pole tooth and 
the outside magnetic pole tooth of each of the electromagnetic 
stators canbe increased. As a result, it is possible to relieve 
the formation of an abnormal magnetic circuit. Thus, electric 
energy supplied to the electromagnetic coils is more effectively 
utilized to control the position of the rotating shaft so that 
it is possible to improve the control performance. 

Further, according to the present invention, an outer 
diameter of each of the electromagnetic stators is formed to 
have substantially as large as an outer diameter of the rotary 
disc, and a ring made of a non-magnetic material having a radial 
thickness enough to form a layer with large magneto-resistance 
is interposed between an outer circumferential portion of each 
of the electromagnetic stators and an inner circumferential 
portion of corresponding one of the casings to which the 
electromagnetic stator is attached. Accordingly, two magnetic 
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circuits formed by the respective electromagnetic staters are 
insulated from each other magnetically perfectly, and the 
magnetic flux density in the inside magnetic pole tooth and 
the outside magnetic pole tooth of each of the electromagnetic 
stators can be increased. As a result, it is possible to more 
surely prevent the formation of an abnormal magnetic circuit 
extending from one electromagnetic stator to the other 
electromagnetic stator through the casings or the collar and 
extending from the other electromagnetic stator to the one 
electromagnetic stator through the rotor disc. Thus, electric 
energy supplied to the electromagnetic coils is more effectively 
utilized to control the position of the rotating shaft so that 
it is possible to improve the control performance . 

Further, according to the present invention, a collar 
made of a non-magneticmaterial for relatively positioning where 
the pair of electromagnetic stators are attached is provided 
between the pair of electromagnetic stators . Accordingly, two 
magnetic circuits formed by the respective electromagnetic 
stators are insulated from each other magnetically . As a result, 
it is possible to more surely prevent the formation of an abnormal 
magnetic circuit extending from one electromagnetic stator to 
the other electromagnetic stator through the collar and 
extending from the other electromagnetic stator to the one 
electromagnetic stator through the rotor disc . Thus, electric 
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energy supplied to the electromagnetic coils is effectively 
utilized to control the position of the rotating shaft so that 
it is possible to improve the control performance. 
Industrial Applicability 

As described above, axial magnetic bearing apparatus 
according to the present invention is suitable for use in bearing 
of a rotating shaft, particularly a rotating shaft which rotates 
at a high speed, of rotating apparatus such as an electric 
generator, an electric motor, or the like. 
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Claims 

1 . Axial magnetic bearing apparatus in which a rotary disc 
made of a magnetic material is fixedly attached to a rotating 
shaft, while a pair of electromagnetic stators in each of which 
a ring-like electromagnetic coil for generating magnetomotive 
force is inserted into a coil slot are fixed to casings 
respectively so as to be located on opposite sides of said rotary 
disc with suitable very small distances, and on the basis of 
an output signal of a displacement sensor for measuring axial 
displacement of said rotating shaft, magnetic attraction force 
is made to act between said rotary disc and each of said 
electromagnetic stators so as to bear said rotating shaft in 
a target position distant from said electromagnetic stators 
and in non-contact therewith, said axial magnetic bearing 
apparatus being characterized in that a deep groove or through 
holes for forming an air layer having large magneto-resistance 
are provided in a vicinity of an axial center of said rotary 
disc so as to extend from an outer circumferential portion of 
said rotary disc toward said rotating shaft. 

2. Axial magnetic bearing apparatus according to Claim 1, 
characterized in that said deep groove is formed all over an 
outer circumference of said rotary disc, while an inner diameter 
of said deep groove is smaller than an inner diameter of each 
of inside magnetic pole teeth of said electromagnetic stators . 
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3. Axial magnetic bearing apparatus according to Claim 1, 
characterized in that each of said through holes has a slit 
shape extending from said outer circumferential portion of said 
rotary disc to an outer circumferential portion of said rotating 
shaft. 

4. Axial magnetic bearing apparatus according to any one 
of Claims 1 through 3, characterized in that a distance between 
a surface of said rotary disc located in a position not opposed 
to anyone of an inside magnet ic pole tooth and an outside magnetic 
pole tooth of corresponding one of said electromagnetic stators 
and a surface of said corresponding electromagnetic stator 
opposed to said surface of said rotary disc is formed to be 
larger than a distance between a surface of said rotary disc 
located in a position opposed to each of said inside magnetic 
pole tooth and said outside magnetic pole tooth of said 
corresponding electromagnetic stator and a surface of said 
corresponding electromagnetic stator opposed to said surface 
of said rotary disc. 

5. Axial magnetic bearing apparatus according to any one 
of Claims 1 through A, characterized in that slits large enough 
to increase radial magneto-resistance are provided at several 
places in outer circumferential portions of said 
electromagnetic stators. 

6. Axial magnetic bearing apparatus according to any one 
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of Claims 1 through 5, characterized in that an outer 
circumferential groove for forming an air layer having large 
magneto-resistance is provided in a portion of each of said 
outside magnetic pole teeth of said electromagnetic stators 
not opposed to said rotary disc so as to extend axially from 
a side where said rotary disc is located. 

7 . Axial magnetic bearing apparatus according to any one 
of Claims 1 through 6, characterized in that an outer diameter 
of each of said electromagnetic stators is formed to have 
substantially as large as an outer diameter of said rotary disc, 
and a ring made of a non-magnetic material having a radial 
thickness enough to form a layer with large magneto-resistance 
is interposed between an outer circumferential portion of each 
of said electromagnetic stators and an inner circumferential 
portion of corresponding one of said casings to which said 
electromagnetic stator is attached. 

8. Axial magnetic bearing apparatus according to any one 
of Claims 1 through 7, characterized in that a collar made of 
a non-magnetic material for relatively positioning where said 
pair of electromagnetic stators are attached is providedbetween 
said pair of electromagnetic stators. 
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Abstract 

In axial magnetic bearing apparatus in which a rotary 
discmade of a magnetic material is fixedly attached to a rotating 
shaft, and electromagnets are disposed on opposite sides of 
the rotary disc so as to have suitable very small distances 
therefrom respectively, so as to bear the rotating shaft axially 
in a non-contact state, a deep groove for forming an air layer 
having large magneto-resistance is provided all over the outer 
circumference of the rotary disc. Thus, formation of a magnetic 
circuit not contributing to position control is relieved, and 
the weight of the disc is reduced so that the position control 
performance of the axial magnetic bearing and the natural 
frequency of a rotor are improved. 
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As a below named inventor, I hereby declare that: 

My residence, mailing address and citizenship are as stated next 
to my name. 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 

AXIAL MAGNETIC BEARING APPARATUS 



the specification of which is attached hereto unless the following 
box is checked: 



□ _h8B^B^{i^R|l^±lgl#^fe§V^{iPCTHI^mil#^ 



1] was filed on September 30, 199 9 
as United States Application Number or 
per International Application Number 

PCT/JP99/05362 (Co„f, ^q. 

and was amended on 
(if applicable). 
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I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 
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I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, § 1.56. 
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I hereby claim foreign priority under Title 35, United States Code, 
§ 119(a)-(d) or § 365(b) of any foreign application(s) for patent or 
inventor's certificate, or § 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below, and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 



Prior foreign application(s) 



(Number) 



(Number) 



(Country) 



(Country) 

(Bl^) 



(Day/Montli/Year Filed) 



(Day/Montlv'Year Filed) 



Priority Claimed 

Yes No 
□ □ 



□ □ 



I hereby claim the benefit under Title 35, United States Code, 
§ 119(e) of any United States provisional appIication(s) listed 
below. 



(Application No.) 



(Application No.) 
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(Filing Date) 

(mmB) 

(Filing Date) 
(tBMB) 

I hereby claim the benefit under Title 35, United States Code, § 120 
of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code, § 112, I acknowledge 
the duty to disclose information which is material to patentability as 
defined in Title 37, Code of Federal Regulations, § 1.56 which 
became available between the filing date of the prior application 
and the national or PCT International filing date of this application. 



(Application No.) (Filing Date) 



(Application No.) (Filing Date) 

m^^^Ammt^X'^mmo^amizm-^i^xtji^titz-r-^x 
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(Status: patented, pending, abandoned) 

mm-- mm±m. mm^. mmm 



(Status: patented, pending, abandoned) 

I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made on 
information and belief are believed to be true; and further 
that these statements were made with the knowledge that 
willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that 
such wiUful false statements may jeopardize the validity 
of the application or any patent issued thereon. 
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POWER OF ATTORNEY: I hereby appoint all attorneys of 
SUGHRUE MION, PLLC who are listed under the USPTO 
Customer Number shown below as my attorneys to prosecute this 
application and to transact ail business in the Patent and 
Trademark Office connected therewith, recognizing that the 
specific attorneys listed under that Customer Number may be 
changed from time to time at the sole discretion of Sughrue Mion, 
PLLC, and request that all correspondence about the application 
be addressed to the address filed under the same USPTO 
Customer Number. 
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Date 

P # 

March 20, 2002 


Residence 




^^'^^ Tokyo , Japan □"r3>c 




Citizenship 




Japan 




l\^ailing Address 

^j^$fe c/o Mitsubishi Denki Kabushiki Kaisha, 

2-3, Marunouchi 2-choine, Chiyoda-ku, Tokyo 


100-8310, Japan 


Full name of second joint inventor, if any 


Second inventor's signature 


Date 


Residence 


Citizenship 

mm 


Mailing Address 

m^9c 



